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LOSS-OF-FEEDWATER TRANSIENTS IN PWRS

Robert D. Burns 111

The TMI-2 sccident demonstrated tl-lt the nuclear industry must be prepared
for events involving multiple equipment failures[l] The pllrpose of the LWR
severe accident sequence analysis (SASA) research at the l-s Alamos Scientific

Laboratory (LASL) is to provide the NRC with a techni al basis for judging the
adequacy of plant operating procedures for denling with such events, The LASL

approach is to (1) identify potential types of multiple equipmrnt failures at

specific US commercial nuclear pow~r plants[2], (2) perform compl:ter simulations
of postulated ‘cident initiators including anticipated equipment malfunctions

and operator actions throllghout the event, and (3) determine key primary system
l“~sponses, timing, and significance of events.

Recent SASA”work in LASL’S Multifault Accidl:nt Analysis Section has focused

on loss-of-fe~dwater (LOITJ) transients et a 4-1OOP Westinghouse nuclear power

reactor[310 This class of accidents was selected because of NRC collct’rn over
auyiliary feedwater (AITJ) system reliability nnd because of concern over the
capability of plants to “feed nnd bleed” in .rrtal LOFW situations.

In all transients stlldied, the initiator was loss of main fee~~wati’r and
r{ac.tor coolant p{lmp (RCP) trip, causccl by temporary 10SS of aff-sitl’ power.
Subsrquerrt automatic actions inclllcled renctor scram, closure of the main steam

isolation valvf’s, and init iittion of AFW flow. TRJIC-PD? calculations were
d~signeri to st(ldy the consl~qucnces of AFW delivery rates IIPIC>W the minimlun

sp~?cifit~cl in the Umergen(’y operating proced(lres (EOPS) for Lht! referenc~. 4-loop
plant.

Smx typ(*s of l,OFIJ scennrios nave hrct, stldi~cl, including (1) zrrn AFW

nvailnhility (nomiriul cnse), (7) in!ti~lly zero AFU but fllll rr~~~very aft~’r 2 h}

(3) z~ro AFW with s!e.lm gt-nrrntor (SC) akmosl)tlf’ric rl’li~f VLIIVC (ARV~

n,alfllnctitln, (l,) zero AIIW with high pres~llrr ch:lr}J.inj! flow inirinti’d nftrr 2 h,
nnd (5) zrro Al:’”) wilh dIIlny in r~*acLor scrnm. Ad(litinll,ll cas(’s w~’rc consi(lrrrd

to stlldy thr effrcts of ~lnccrt.linti~s in prcssuri7.rr he,lt~’r/spr.ly oprr:lliml,
op(.ratnr I??all?llillinit ia:ion r)f hi}!l~ prrssllrr charxinp. flow. rrnctnr lnltlm~l

. . .

con[iit inns, and K(lI’ nnd pcwcr cnnstdi>wn chilrnctrristics . N{wnin.11 casr rcs~tltc,

r.~f i(mn]c for firlcl L itlns of .11 tl~’r rn:+os, nnd l[”SSOn!i Irirrntld nrr s~lnmilriz{’d tIolOW.

(1) Nominnl CISP rrjslllts illdirntc !l~rrr phasrs of th~ I,OFW trnnsiont with
zort) AFW, in which tl]r hrhnvior of ttlc primnry systrm is !;ixnificnntly

di fforrnf. II,” firsf ph:l:;r (qll.-rsi -r[lllilillrillm) l;lsts lint il IIlc SC invrntory

boils dry (approxim.atl’]y 70 mi;i.).
------- .—.

~,l~llrnl c~rc(ll,ltinn prrmits slll)cnolin~ of thi’
~~jld Icg to thv ~ntur,ttlon condlti{,ns in thr SC. Rt*slt~rnLion of AIIW dolivrry Lo
:t iPfIsL !’nc S(; b{~forfi Lhc $Gs {Iry out will rvsult in c(}ntinllrttinrl of thP firRt

ph:l:+r nnri ,Iltimiitcly either nl)rmi~l progr{:ssinn to rnld Hh’.lttlt}wn or rrturn tn

powrr.
Il}v SIICOII(I phnso ( sIIIIr[!olrd I*x II,Insi Im) hrR ins whl n hrnt rrm~~vnl f-npncitv is

10s1 n~ !110 S(:s l](~il (try. TO :l(.~(llllllll>tl.~i(~ Ilrimnry w.111’r (’xl~nll~illll ill ll~f’ vl’~~~’1,

nY~t~m prl’s,~llr~!s i!~cr~.:l::f, W; ll~ill IIlinllt!$s tt} LII(* :;rtl,(~illt of thr l~ilwt*l--ollrr,ll(*(l

rrlinf-vnlvc~ (PORVsl, rol ivvillfi (Ill, IJrim.qry qynlf’m in l+lll~t’(~~11’tl, isl~hnl.ic

rxptllls i ON nt n;lprllxim:ltt”ly R(J ~“fm (o.(~1, m3/N). nlq. pol{Vs rrlirvu flt~nm ,It Illis

rntr fnr n~prilximntf’ly 2[) min. , 111~’s) w:lll~r rolirl’ l.~~n! in~lr:l nt thr ~lnmt* rnt~’ l,)r

nppi:)ximlltl’lv ffnl)tllf’r 20 min. Nn[~lL-nl rir(-lll,lt inn r(~ntin~l~’s d~lring lhi~ plln!:i’i
S~:\trm sntllrnt inn rlt illI* Flnrt 0! tllr tllir(l plla’:r (snll’rillf’(l rxl~atlsit~ll)

drl vt)s nntllral circlllntion to zero nflcI nl)pr~lxim{lf~ly 10 mi;l. !;vNl Pm pr!’:::i(lro:!

riso III tllr prrsxlllirf’r ~nlcly v:llv(’ !ll’lpl~illt to m t.twmltl~l,ll r nlll)r~)x im;ll I’I :j (1(~(1

cfm (0. ! ml/::) tv(l plln::r I low 0111 Ihr pr-f’:::~llji7,i’r vnlvru. V,’lp(!l”! {)IIIIS ill I llCS

primnrv syst~~.1 :iild !*I{l(I tfIIIIIIII:ItII II*K I)r}{iu tn t iqo :lllnll~ly :I!tt’t ;ll~l~i.{>xiln:lfl’lv hr]

nrin 01 h(~ililll; in 111’1 prim:lly ~y:;trm.
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(2) A case involving recovery of AFW availability minutes betl.. - .,atural
circulation waa completely lost in the third phase was aelrcted becauae operatora “
would likely attempt to restore AYW as aeon ● e poo~ible, and recnvei-y at that

time ia a bounding case for AFW recovery Et ●ny earlier time. Results showed
that (a) AFU initiation cauaed rapid primary depreaaurization and subsequent
reflooding of the primary eyatem by pressurizer water ●nd (b] primary subcoolin&
and natural circulation vere re-patabiinhed ●fter 20-3fl min. Operator initiation
of increaaed charging flow in reaponae to low pressurizer level (called for in

the EOPS) would r~sult in return to hot shutdown conditions.

(3) A caae involving opening of one ARV to its full open position and
aubsequemt failure to close Qas added aa a canplicstion in the LOW scenarioa
because reactor operating ●xperience shows that ARVa have malfunctioned in the
pa~t and because primary conditions during the fir6t phaae of a LOFW tranaient
depend on Eecondary aaturaticx, condition~. Results showed that primary
temperature and presaurea fall during the lC ❑in. required to blowdown the
affected SC, but subcnoled conditions are maintained even in the abmence of
preaaurizer heaters. The impact on the duration of the first phnse ic ama]l.

(4) A case involving operatnr initiation of full charging fluw a:ter primary
sy~t~ pressure reach~d the safety aetpoint waa n-lected aa a bounding case for

scenarioe with feed and bleed initiation up to chat time. Wnen charging flow was
initiated, the vapor-fraction in top quarter of the core was spprnximstely 10
pt=rcent. After reaching a maximum of 20 percent about 10 min. later, a slow
refill of the core b~gan and ccsnpleted approximately 2 h later. Results also

showrd that the primal”y system eventually r~turned to subeooled expansion. m~e
circumstnncca of this are not yet !ully underg’ood and remain under arudy.

(5) A ~asr involvin~ delay in reactor scram wns nelec’tcd ta determine the

im~act of op~ning the PORVS car!y in the trnnmient as occurred during the TMI
necidcnt. R~~lllts indicatrd that f~]lntiin~ RCP trip withnut lnw,wdint.e rI?nCtOr

scram (1) PORVS oprn nftcr nl~prnximately 4 6) safeties aft~r 8 6B ant] all vfllvca
b~gin to C1OIJC within nrconds of scram initi.ltion anfl (L) nteam r~licf i~
accmnmmtatec! through pre~~urizer valves up to nboi.t 2f) R of acr:lm drlJIY1 thc:l
waLcr relief bcRinR. Scram II lay remaino under I:: ucly to include the eff~ctu of

fu~l and watrr tempernlure reactivity femihnck. (For ecram delays requiring

pressurizer .tnl-”r wnre~ rrlicf, nmnll hrr:lkn i th~ primnry nyntem wilI probably
hc forcrd t.o nccommodntp my~tem saturated ●xp:lll:iion.)

Work in crmtin~linR in thp IASI, SASA cffnrt Ln fully dcrum~nt thrsfi rrsults

And to invonti~ate nthrr 1.OFWsrrnarion= tlur col,tinlling activ;lit’n will ~rcus on
prepnrwlnrsn fnr multiplr rquipmrnt fnilurr @v@ntn.

1. R. Il. thrnfi TIT, “Rrpnrt of th~ “i’rrhn;ri’l A~nrsrimrnr hnk Fncr on WASH
14(’)0 - Rmctnr Snfr~y Stllily:” Slnff Rrport tr, thr Prrnidrnt ’n Ctnmrinnion

on thn Acridrnt at ‘tlirtle Milr lalsnd, Wasllil.Ktou, DC ((ktohrr l!?7q).

7. R. D. Ihrnn 111, “A [’rp]jminnry Rrvi~w of BeYoI\d-I~llA PWR Accidrnt

!loqll-nc~n,” Proc. ANS Tllrrrnnl R~nrtnr Sfl!’oty MI’Pf in~, Kr,nxvi!le, TN
(April lQIIO).
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ALL AVAILABLE INFORMATION STUDIED
TO IDENTIFY GENERAL, INCLUSR’E CATEGORIES

SOURCES:

WASH- 1400
REACTOR EXPERIENCE(LERS,...)
FSARS
ENGINEERING EVALUATIONS OF PLANTS
VITAL AREA STUDY(FAULT TREES)
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CATCGORI ES lNC!~JDE MULTIPLE
PMENT Al ~wURE SCENAR [ OS

Loss oF FEEDwATER (LOFW).

STAT 10N BLACKOUT (SR~.

LOSS OF RESI DUAL HEAT
REMOVAL (LoRHR).

SMALL-BREAK LOCA (S-LOCA).

INTERFACING-SYSTEM LOCA (I S-LOCA).

pREssuR I ZER-VALVE LOcA (PLLOcA).
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IED TO S1 MULA TION OF ZION
mum

LOFW CASES PRESENTED HERE:

1. NOMINAL SCENARIO ( O-3h )

2. DELAYED/DEGRADED AFW ( O- 10h )

3. STUCK-OPEN ARV ( O- Ih )

4. FEED/BLEED ( O-4h )

5. ATWS ( O-lb )

. .. USE ANALYSES TO FIND AND RESOLVE
SPECIFIC SAFETY-RELATED CONCERNS.
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IS OF STMM GE NEl?ATOR
- RIFIES AC RESULT

INVEN ORY,T ●

160,000 kg * 1.8 MJ/kg = 90 FPS

CORE ENERGY. 0-4200s:

APPROX. 80 FPS (MAINLY DECAY POWER)

~ ~ERGY. 1350 K-550K:———

800K ● 500 J\kgK ● 200,000 kg = 8 FPS



~lE F BASED ON
EXPANSION~~S

~UBCOOLED E XPANSION (80- 11 2m

(.003 mS/m% ● 50 MW)/(.005 MJ/kgK ● 700 kg/ ms)

= 0.04 m’/s (5 kg/s STEAM ~R 25 kg/s WATER)

ATURATED EXPANSION ( 112m+)

h,-hl = 0.9 MJ/kg (AT 16.1 !dPa)

V“-vl = 0.0075 m3/kg

(0.0075 ● 40 klW)/O.9 = 0.33 ins/s

(40 kg/s STEAM OR 200 kg/s WATER)

uti!!!!!!! ~ SImllrlc ~TmY



COLD LEG TEMPERAWRE EQUALS
SECONDARY SATURATION CONDITIONS
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APP~ To SIMULAT ION OF ZION
v DWATER SCENARIOS

LOFW CASES PRESENTED HERE:

1. NOMINAL SCENARIO ( O-3h )

2. DELAYED/DEGRADED AFW ( 0- 10h )
%

3. STUCK-OPEN ARV ( O- Ih )

4. FEEil/BLEED [ O-4h )

5. ATWS ( O-lb )

...USE ANALYSES TO FIND AND RESOLVE
SPECIFIC SAFETY-RELATED CONCERNS.
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FOR DELAYED AFW SATURATED PRIMANY SYSTEM EXPERIENCES
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APP~ TO S1MULATION OF ZION
DWATER CENARIO~

LOFW CASES PRESENTED HERE:

1. NOMINAL SCENARIO ( O-3h )

20 DELAYED/DEGRADED AFW ( O- 10h )

3. STUCK-OPEN ARV ( 0- Ih )

14. FEED/BLEED ( O-4h ) [

5. ATWS ( O-lb )

. ..(JSE ANALYSES TO FIND AND RESOLVE
SPECIFIC SAFETY-RELATED CONCERNS.



L.

.

1750ix)O0

t7QOm00

mcK%KM

14506xxm

4FEED BLEED RECOVERY POSSIBLE UP T
?

TIME PRIMARY
PRES. LIRE REACHES SAFETY SETPCINT APPROX. 2 H)

I
i

I

wuvv’AMA *

I I 1 i 1 I
o 2000 4000 - - - 12000 I@OO

VESSEL

:C=l

TIME (S)



/

—

0.25

0.20

0. f:J

O.1o

0.05

0.00

-0.0s

VAPOR FRACTON IN TOP QUARTER OF CORE
)sHOW6 FEED BLEED RECOVERY

RTWZ’I

I

i

I

116

ID= I

o 2000 4000 60CM 6000 IOmO 12000 UOOO

TIME (S)



FURTHER LOFW/ATWS CONSIDERATIONS
FOUND IN ANALYSES

1. AFTER 80s AT FULL POWER, ~Gs DRY-OUT.

{

2. POI?V SAFETY WATER RELIEF STARTS
AFT R ABOUT 20s AT FULL POWER.

3. AT ZION, STEAM RELIEF CAPACITY
ADEQUATE IN ATWS - BUT
WATER RELIEF MAY NOT BE.

4. REACTIVITY FEEDBACK MUST BE CONSIDERED.

● P
C?EQ~[REs FURTHER ST(JDYO



1.

2 ●

3 ●

4 ●

5 ●

6 ●

7 ●

ONS LEARNED IN BASE CASE
MULAT 1ONs ZION LOFW

APPROX. 1 h AVAILA8LE FOR
INITIATION Of= NORMAL AFW RECOVERY.

APPROX. 2.5 h NEEDED BEFORE
CLAD HEAT-UP BEG INS.

INITIATION OF AFW BEFORE NATURAL
C I RCULATI ON LOSS LEADS TO RECOVERY.

30 PERCENT OPERAT 10N OF TURBINE AFW
PUMP ADEQUATE FOR RECOVERY.

STEAM S IDE DEPRESSURi ZAT 10N MAY HAVE
SIGNIFICANT REACT I V! TY EFFECT.

FEED/BLEED RECOVERY POSSIBLE UP TO
APPROX. 2 h INTO ACC f DENT.

SCRAM DELAY CAN CAUSE EARLY PORV’SAFETY
~~~ OPENING, EARLIER SG DRY-OUT.!=
~-OS ALAMOS SCIENTIFIC LAM?ATWY


